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)HGHUDO8QLYHUVLW\RI8EHUODQGLD%UD]LO
(QHUJHWLF DQG HQYLURQPHQWDO LVVXHV KDYH HQFRXUDJHG WKH GHYHORSPHQW RI DOWHUQDWLYH IXHO
VRXUFHV%LRGLHVHOLVDSRWHQWLDOIXHOIRUGLHVHOHQJLQHVVLQFHLWLVREWDLQHGRIUHQHZDEOHVRXUFHV
DQG FRPEXVWLRQ HPLVVLRQV IRU ELRGLHVHO DUH ORZHU WKDQ IRU SHWUROHXP GLHVHO %LRGLHVHO LV
FRPPRQO\ SURGXFHG E\ D WUDQVHVWHULILFDWLRQ UHDFWLRQ $IWHU UHDFWLRQ SURGXFWV DUH DOORZHG WR
VHWWOHLQDGHFDQWHUWRJLYHWKHVHSDUDWLRQRIHVWHUDQGJO\FHUROSKDVHV7KHDOFRKROLVUHPRYHG
IURPERWKJO\FHURODQGHVWHUVWUHDPXVLQJDQHYDSRUDWRURUDIODVKXQLW$IWHUWKHVHVWHSVWKH
HVWHUSKDVH \HWFRQWDLQV LPSXULWLHVVXFKDV IUHHGLVSHUVHGJO\FHUROSDUWLFOHVVRDSDQG WUDFH
DPRXQWV RI UHVLGXDO FDWDO\VW DQGPRQR GL DQG WULJO\FHULGHV 7KLV FUXGH ELRGLHVHO PXVW EH
WUHDWHG LQ RUGHU WR DWWHPSW VWDQGDUG VSHFLILFDWLRQV WKDW GHILQH WKH TXDOLW\ RI ELRGLHVHO HJ
$670'DQG(1
7KH FRQYHQWLRQDO SXULILFDWLRQ SURFHVV RI WKH HVWHU SKDVH LV ZDWHU ZDVKLQJ +RZHYHU WKLV
SURFHVV JHQHUDWHV D ODUJH DPRXQW RI KLJKO\ SROOXWLQJ ZDVWHZDWHU FDXVLQJ HQYLURQPHQWDO
GLVSRVDOSUREOHPV
0HPEUDQHWHFKQRORJ\FDQEHDSSOLHGIRUELRGLHVHOSXULILFDWLRQLQRUGHUWRDYRLGZDWHUZDVKLQJ
7KLV WHFKQRORJ\ QHHGV WR EH WKRURXJKO\ H[SORUHG DQG H[SORLWHG WR GHWHUPLQH LWV SRWHQWLDO
DSSOLFDWLRQVIRUWKHVHSDUDWLRQDQGSXULILFDWLRQRIELRGLHVHOSURGXFWPL[WXUH
+HUHZHHYDOXDWH WKHDSSOLFDWLRQRIDQXOWUDILOWUDWLRQPHPEUDQH WRSXULI\FUXGHELRGLHVHO7KH
FUXGHELRGLHVHOZDVILOWUDWHGLQDGHDGHQGSURFHVVDWDQGEDURIWUDQVPHPEUDQHSUHVVXUH
DQG ZLWK D PHPEUDQH RI  N'D QRPLQDO 0:&2 *(2VPRQLFV 86$ 3HUPHDWH IOX[ ZDV
PRQLWRUHG LQ DQ DQDO\WLFDO EDODQFH WKURXJK WKH ILOWUDWLRQ WLPH )LOWUDWHG ELRGLHVHO ZDV IXOO\
FKDUDFWHUL]HGLQRUGHUWRXQGHUVWDQGWKHPHPEUDQHUROHLQELRGLHVHOSXULILFDWLRQ
&UXGH ELRGLHVHO ZDV SURGXFHG XVLQJ FRPPHUFLDO UHILQHG VR\EHDQ RLO DQG PHWKDQRO 
SXULW\9HWHF%UD]LODVUHDFWDQWVDQGSRWDVVLXPK\GUR[LGH.2+UHDJHQWJUDGH9HWHF%UD]LO
DVFDWDO\VWDWWKHIROORZLQJFRQGLWLRQVUHDFWLRQWHPSHUDWXUH&PHWKDQRORLOPRODUUDWLR
UHDFWLRQWLPHKDPRXQWRIFDWDO\VWLQUHODWLRQWRWKHRLOPDVVZW
)RUFRPSDULVRQWKHFUXGHHVWHUSKDVHZDVZDVKHGWKUHHWLPHVZLWKKRWGLVWLOOHGZDWHU&DW
DPDVVUDWLRXQGHUPLOGDJLWDWLRQ
6R\EHDQRLODQGFUXGHZDVKHGDQGILOWUDWHGELRGLHVHOVDPSOHVZHUHDQDO\]HGIRUIUHHJO\FHURO
FRQWHQWGHQVLW\DW&NLQHPDWLFYLVFRVLW\DW&DFLGYDOXHDQGDPRXQWRIVRDS.LQHPDWLF
YLVFRVLW\ GHQVLW\ DQG DFLG YDOXH ZHUH GHWHUPLQHG DFFRUGLQJ WR $670'''
UHVSHFWLYHO\$PRXQWRIVRDSZDVPHDVXUHGIROORZLQJDPRGLILHGYHUVLRQRI$2&6PHWKRG&F
VRDSLQRLO$FLGYDOXHDQGDPRXQWRIVRDSZHUHPHDVXUHWKUHHWLPHVDQGPHDQYDOXHV
ZLWK WKHLU VWDQGDUG GHYLDWLRQ DUH UHSRUWHG 7KH FKURPDWRJUDSK\PHWKRG GHVFULEHG LQ $670
' ZDV HPSOR\HG WR YHULI\ IUHH JO\FHURO SHUFHQW LQ VRPH ELRGLHVHO VDPSOHV $Q $JLOHQW
$ JDV FKURPDWRJUDSK\ *& ZLWK D IODPH LRQL]DWLRQ GHWHFWRU ),' ZDV XVHG 7KLV
FKURPDWRJUDSKLVHTXLSSHGZLWKD'%+7FDSLOODU\FROXPQ-	:6FLHQWLILFFDSLOODU\FROXPQRI
POHQJWKPP,'PPILOPWKLFNQHVVZLWKSKHQ\OPHWK\OSRO\VLOR[DQH
)LJXUHSUHVHQWVWKHSHUPHDWHIOX[WKURXJKRXWWKHXOWUDILOWUDWLRQPHPEUDQHDWWUDQVPHPEUDQH
SUHVVXUHVRIDQGEDU
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)LJXUH3HUPHDWHIOX[RIELRGLHVHOWKURXJKRXWWKHXOWUDILOWUDWLRQFHUDPLFPHPEUDQH

7KHREWDLQHGUHVXOWVVKRZHGWKDWLQWKLVFDVHWKHWUDQVPHPEUDQHSUHVVXUHKDVVOLJKWLQIOXHQFH
RYHU WKHSHUPHDWH IOX[3HUPHDWH IOX[HVREVHUYHG LQ WKLVZRUNDUHDW WKHVDPHPDJQLWXGHRI
WKRVHUHSRUWHGLQWKHOLWHUDWXUH7KHILQDOIOX[ZDVDURXQGNJKP
7DEOHSUHVHQWVWKHSK\VLFRFKHPLFDOFKDUDFWHUL]DWLRQRIELRGLHVHOVDPSOHV
7UDQVHVWHULILFDWLRQ UHDFWLRQ UHGXFHG WKH IHHGVWRFN RLO GHQVLW\ DQG YLVFRVLW\ DV H[SHFWHG
3XULILFDWLRQSURFHVVHVGLGQRWFKDQJHGHQVLW\DQGYLVFRVLW\YDOXHVRIFUXGHELRGLHVHO
$FLG YDOXHV RI FUXGH DQG SXULILHG ELRGLHVHO DUH VPDOOHU WKDQ WKH DFLG YDOXH RI VR\EHDQ RLO
8VXDOO\IRUDEDVHFDWDO\]HGSURFHVVWKHDFLGYDOXHDIWHUSURGXFWLRQZLOOEHORZVLQFHWKHEDVH
FDWDO\VW ZLOO VWULS WKH DYDLODEOH IUHH IDWW\ DFLGV 7KH DONDOL FDWDO\VW DOVR VHUYHV DV D FDXVWLF
VWULSSHU DQG UHPRYHV WKH IUHH IDW DFLGV E\ FRQYHUWLQJ WKHP WR VRDS WKDW LV UHPRYHG GXULQJ
ZDVKLQJ7KHDFLGYDOXHRIFUXGHELRGLHVHOLVVPDOOHUWKDQWKHDFLGYDOXHRISXULILHGELRGLHVHO,Q
WKLV FDVH WKH SUHVHQFH RI DONDOL FDWDO\VW LQ FUXGH ELRGLHVHO GLPLQLVKHG WKH TXDQWLW\ RI EDVH
.2+WKDWZDVQHFHVVDU\WRQHXWUDOL]HWKHDYDLODEOHIUHHIDWW\DFLGV7KHFDWDO\VWZDVUHPRYHG
E\ WKH SXULILFDWLRQ SURFHVVHV DQG WKHQ WKH DFLG YDOXH LQFUHDVHG 6RDS ZDV UHPRYHG E\ WKH
ZDWHUZDVKLQJSURFHVVDQG WKHDPRXQWRI VRDSGHFUHDVHGDIWHU WKHZDVKLQJ SURFHVV:DWHU
ZDVKLQJSURFHVVZDVPRUHHIILFLHQWWKDQWKHPHPEUDQHVHSDUDWLRQRQHWRUHPRYHEDVLVH[FHVV
DQG IRUPHGVRDS*HQHUDOO\VSHDNLQJ WKHDSSOLHG WUDQVPHPEUDQHSUHVVXUHGLGQRWDIIHFW WKH
DFKLHYHGTXDOLW\RIILOWUDWHGELRGLHVHO
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7DEOH  3K\VLFRFKHPLFDO SDUDPHWHUV RI FUXGH ZDVKHG DQG ILOWUDWHG ELRGLHVHO VDPSOHV DQG
OHJLVODWLRQOLPLWV
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DVSRWDVVLXPROHDWHQG QRWGHWHFWHGQP QRWPHDVXUHG

7KHSURSRVHGPHPEUDQHZDVQRWHIILFLHQWDV WKHZDVKLQJPHWKRG WR UHGXFH WKH IUHHJO\FHURO
SHUFHQWDJH7KHREWDLQHGUHVXOWVVKRZHGWKDWWKHPHPEUDQHSURFHVVFDQEHDVXLWDEOHSURFHVV
IRU ELRGLHVHO SXULILFDWLRQ+RZHYHUPRUHVSHFLILF SRUH VL]H DQGPDWHULDOPXVWEH DQDO\]HG LQ
RUGHUWRDFKLHYHWKHGHVLUHGOHYHOIRUIUHHJO\FHUROSHUFHQW
.H\ZRUGVELRGLHVHOSXULILFDWLRQXOWUDILOWUDWLRQIUHHJO\FHUROFRQWHQW
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